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ABSTRACT
We present a systematic study of ionized gas outflows based on the velocity shift and dispersion of the
[O III] λ5007A˚ emission line, using a sample of ∼ 5000 Type 1 AGNs at z < 0.3 selected from Sloan
Digital Sky Survey. This analysis is supplemented by the gas kinematics of Type 2 AGNs from Woo
et al. (2016). For the majority of Type 1 AGNs (i.e., ∼ 89%), the [O III] line profile is best represented
by a double Gaussian model, presenting the kinematic signature of the non-virial motion. Blueshifted
[O III] is more frequently detected than redshifted [O III] by a factor of 3.6 in Type 1 AGNs, while
the ratio between blueshifted to redshifted [O III] is only 1.08 in Type 2 AGNs due to the projection
and orientation effect. The fraction of AGNs with outflow signatures is found to increase steeply
with [O III] luminosity and Eddington ratio, while Type 1 AGNs have larger velocity dispersion and
more negative velocity shift than Type 2 AGNs. The [O III] velocity − velocity dispersion (VVD)
diagram of Type 1 AGNs expands towards higher values with increasing luminosity and Eddington
ratio, suggesting that the radiation pressure or wind is the main driver of gas outflows, as similarly
found in Type 2 AGNs. In contrast, the kinematics of gas outflows is not directly linked to the radio
activity of AGN.
Keywords: galaxies: active −− galaxies: kinematics and dynamics −− quasars: emission lines
1. INTRODUCTION
Mass-accreting supermassive black holes are mani-
fested as active galactic nuclei (AGNs), which are classi-
fied into two categories based on the unification model:
Type 1 AGNs, of which the central engine is directly
viewed, and Type 2 AGNs, of which the central en-
gine is obscured by the torus (Antonucci 1993; Urry &
Padovani 1995). The observed correlation between black
hole mass and host galaxy properties is typically inter-
preted as that feeding and feedback work together in
self-regulation of black hole growth and galaxy evolution
(Kormendy & Ho 2013). During the process of galaxy-
galaxy interaction, for example, strong inflows supply a
vast amount of gas to the supermassive black hole help-
ing it to evolve and power AGN. The radiation emitted
from AGN drives out a large amount of gas, quenching
star formation and also the growth of the black hole (see
review by King & Pounds 2015).
The feedback of AGNs is considered to be traced by
frequently seen gas outflows in various scales (see re-
view by Fabian 2012). Though various mechanisms,
i.e., the disc wind (e.g., Crenshaw et al. 2003; Reeves
et al. 2009; Tombesi et al. 2015), radiation pressure on
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dust (Binette 1998; Dopita et al. 2002; Alexander et al.
2010), interaction of radio jet with clouds (Saxton et al.
2005; Nesvadba et al. 2008; Guillard et al. 2012) etc.
have been considered, the main driver of AGN feedback
remains largely debatable (see King & Pounds 2015).
AGN-driven gas outflows have been detected in various
energy bands, e.g., optical, UV and X-ray (e.g., Reeves
et al. 2003; Arav et al. 2013) allowing to probe AGN
feedback in different scales, while the kpc-scale outflows
observed in the narrow line region (NLR) are particu-
larly important in understanding AGN feedback since
they are extended to galactic scales, where the outflows
may interact with interstellar medium and suppress star
formation.
The [O III] λ5007A˚ emission line being strong in AGN
spectra is a good tracer of outflows and consequently
subjected to various studies. On one hand, spatially re-
solved spectroscopy based on [O III] kinematics mapped
the velocity structure in the NLR (e.g., Crenshaw &
Kraemer 2000; Fischer et al. 2013). More detailed stud-
ies of gas kinematics and star formation became possible
thanks to the integral field spectroscopy (e.g., Nesvadba
et al. 2006; Harrison et al. 2014; Karouzos et al. 2016a,b;
Bae et al. 2017; Wylezalek et al. 2017; Mu¨ller-Sa´nchez
et al. 2018; Freitas et al. 2018). On the other hand, more
systematic studies of [O III] kinematics were based on
the spatially integrated spectra obtained from large sur-
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veys since a large sample of AGNs can be utilized, re-
vealing that outflows are prevalent, particularly among
luminous AGNs (e.g., Mullaney et al. 2013; Bae & Woo
2014; Woo et al. 2016; Shen et al. 2016; Woo et al. 2017;
Zhang & Feng 2017; Wang et al. 2018; DiPompeo et al.
2018).
The kinematics of [O III] are mainly caused by AGN
outflows, while the virial motion due to the gravitational
potential of the host galaxy is partly responsible for the
broadening of the [O III] line (Heckman et al. 1984; Nel-
son & Whittle 1996; Komossa et al. 2008; Woo et al.
2014, 2017; Eun et al. 2017). A positive correlation be-
tween mid-infrared luminosity and velocity width of [O
III] suggests that the gas outflows are mainly radiation
driven (Zakamska & Greene 2014). The studies of gas
outflows based on a large sample of Type 1 and Type
2 AGNs support this idea (e.g., Woo et al. 2016; Wang
et al. 2018). Woo et al. (2016) studied outflow kinemat-
ics of ∼ 39, 000 Type 2 AGNs at z < 0.3 by carefully
estimating velocity dispersion and shift of [O III] with
respect to the stellar velocity dispersion and systemic ve-
locity of the host galaxies. Their combined analysis of
velocity dispersion and velocity shift exhibits the pres-
ence of outflow signatures in the majority of the high
luminous AGNs and the strong dependence of the out-
flow properties on the radiation emitted by AGNs.
In a series of papers on ionized gas outflows in AGNs,
the demography of ionized gas outflows in type 2 AGNs
was reported, respectively, based on [O III] (Bae & Woo
2014; Woo et al. 2016) and Hα (Kang et al. 2017), while
Bae & Woo (2016) constrained the physical properties
of the outflows, e.g., launching velocity, dust extinction,
and the opening angle of the cone, based on the kine-
matical modeling of the outflows and Monte Carlo simu-
lations. Based on these studies Woo et al. (2017) showed
that AGNs with strong outflows tend to have a regular
star formation rate similar to the star-forming galaxies
in the main sequence, while AGNs with weak or no out-
flows have on average much lower specific star formation
rate, suggesting that the effect of AGN-driven outflows
is delayed.
In this paper, we focus on the gas outflows of Type
1 AGNs based on the kinematics of [O III]. Compared
to Type 2 AGNs, Type 1 AGNs have a number of mer-
its. First, since the direction of the outflows is closer
to the line-of-sight than that of Type 2 AGNs, the pro-
jection effect is less problematic and the measured ve-
locity is expected to be higher. Second, the main phys-
ical parameters of AGNs, i.e., black hole mass (MBH)
and Eddington ratio (λEdd) can be properly estimated
in Type 1 AGNs, while for Type 2 AGNs, mass and
bolometric luminosity is much more difficult to estimate
due to the lack of broad emission lines and AGN con-
tinuum. On the other hand, the downside of type 1
AGNs includes the difficulty of measuring the systemic
velocity (e.g., based on stellar absorption lines), which is
required to measure the velocity shift of outflows based
on gas emission lines, and host galaxy mass or stellar
velocity dispersion, which are needed to calculate the
host galaxy gravitational potential for removing the ef-
fect of the virial motion in the width of gas emission
lines. Therefore, it is important to combine Type 1 and
Type 2 AGNs for better understanding gas outflows and
their connection to AGN energetics.
We investigated outflow kinematics based on [O III]
for a large sample of Type 1 AGNs at z < 0.3. By com-
bining these Type 1 AGNs with the Type 2 AGNs from
Woo et al. (2016), we perform a demography of ion-
ized gas outflows over a luminosity range of ∼ 5 orders
of magnitude. The data and spectral analysis method
are presented in Section 2. The main results are given
in Section 3 and discussion in Section 4. The summary
and conclusions are presented in Section 5. A cosmology
with H0 = 70 km s
−1Mpc−1, Ωm = 0.3 and ΩΛ = 0.7 is
used throughout the paper.
2. DATA AND SPECTRAL ANALYSIS
2.1. Sample
To select Type 1 AGNs, we used the “specObj”∗ data
products of the SDSS DR12 catalog (Alam et al. 2015)
and considered the objects that are classified as“QSO”
by the SDSS spectroscopic pipeline (Richards et al.
2002). We chose the objects having z < 0.3 and a me-
dian signal-to-noise ratio (S/N) > 10 pixel−1 given by
the SDSS pipeline. This initial sample includes 8645
sources, of which we carefully and systematically ana-
lyzed the spectra.
2.2. Spectral analysis
Prior to the multicomponent spectral analysis, Galac-
tic extinction was corrected for each spectrum, using the
extinction map of Schlegel et al. (1998) and the Milky
way extinction law with RV = 3.1 from Cardelli et al.
(1989). The spectra were then brought to the rest frame
using the redshift provided by the SDSS pipeline.
A multicomponent spectral fitting procedure was ap-
plied to model the observed spectra as used for our pre-
vious studies of Type 1 AGNs (Park et al. 2015; Woo
et al. 2015, 2018). First, the continuum was modeled
by a combination of a single power law (fλ = Aλ
αλ), a
Fe II template and a host galaxy template, represent-
ing AGN continuum contribution, iron lines, and stellar
contribution, respectively, in the continuum regions of
4430–4770A˚ and 5080–5450A˚. During this step, all the
∗ “specObj” contains only the best spectra for any object ob-
tained by SDSS
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narrow and broad emission lines were masked out. The
Fe II template from Kovacˇevic´ et al. (2010) was used
since it is the best available template for accurately fit-
ting various blended Fe II emission lines seen in AGN
spectra (Park et al. 2017; Rakshit et al. 2017). The
stellar template was taken from the Indo-US spectral li-
brary† (Valdes et al. 2004), consisting of seven spectra
of G and K type giant stars of various temperatures. To
find the best-fit continuum model we performed non-
linear Levenberg-Marquardt least-squares minimization
using IDL fitting package mpfit‡(Markwardt 2009).
This allowed us to properly decompose all the compo-
nents and estimate velocity shift and widths of the Gaus-
sian broadening kernels used to convolve the host galaxy
and Fe II templates. The host subtracted AGN contin-
uum luminosity at 5100A˚ was then estimated using the
AGN power law model. The best-fit model continuum
was subtracted from the spectra prior to the modeling
of the Hβ emission line region.
The Hβ-[O III] line region consists of the Hβ broad
and narrow emission lines, [O III] λ4687, 5007A˚ dou-
blets and He IIλ4687A˚. The Hβ broad component was
fitted using a sixth-order Gauss-Hermite series while the
narrow component was fitted using a single Gaussian
component. The upper limit in the full width at half
maximum (FWHM) of the narrow Hβ component was
set to 1200 km s−1. The HeII line was modeled using two
Gaussian functions, while both λ4687, 5007A˚ doublets
were modeled using two Gaussian functions; one for the
core with an upper limit of 1200 km s−1 and another
for the wing. The flux ratios of [O III] doublets were
fixed to their theoretical value. This multi-component
fitting procedure was applied to all spectra, and then
those having S/N at 5100A˚ >10, and the amplitude-to-
noise ratio (A/N) of Hβ line > 5 were chosen for further
analysis. Note that these criteria were adopted to be
consistent with the analysis of Type 2 AGNs by Woo
et al. (2016). As a result, we finalized the sample of
5717 Type 1 AGNs.
To measure the kinematics of outflows, we fitted the
[O III] line profile with a double Gaussian model only
if the wing (2nd Gaussian) component has A/N > 3,
otherwise, a single Gaussian profile was adopted as the
[O III] profile, as similarly done for Type 2 AGNs. The
flux, flux weighted center (1st moment), and line dis-
persion (2nd moment, σline) were calculated from the
best-fit model. A few examples of the spectral fitting
are shown in Figure 1.
The flux weighted center was calculated from the first
† https://www.noao.edu/cflib/
‡ http://purl.com/net/mpfit
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Figure 1. Examples of spectral fitting. Left: continuum
modeling. The best-fit model (red), AGN continuum (green),
host galaxy contribution (blue), Fe II emission (magenta)
are compared with the observed spectrum (black). Right:
Emission line modeling. The continuum subtracted spec-
trum (black) is compared with the best-fit model (red), which
is composed of the broad (green) and narrow Hβ (blue), core
(blue) and wing (green) components of [O III] doublets. The
SDSS ID (Plate-mjd-fiber) of each object is labeled in the
left panels.
moment of the line profile as
λavg =
∫
λfλdλ∫
fλdλ
, (1)
where fλ is the best-fit model flux at each wavelength.
Then, the velocity shift of [O III] was calculated with
respect to the systemic velocity, which was measured
from the stellar component for 38% of the sample, in
which stellar continuum contribution is greater than 50
% of the total continuum flux. As mentioned above, the
systemic velocity based on stellar absorption lines is dif-
ficult to measure in Type 1 AGNs compared to Type
2 AGNs. Instead, the narrow Hβ component is widely
used as a reference for the systemic velocity. In Figure
2, we plotted the velocity shift of the Hβ narrow compo-
nent centroid with respect to stellar absorption lines for
those 38% objects. The narrow component of Hβ shows
an average velocity shift of −9+41−45km s−1 (indicated by
the red dashed line) with respect to stellar lines, sug-
gesting that the Hβ narrow component is a good proxy
for stellar absorption lines with somewhat larger uncer-
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Figure 2. Velocity shift of the Hβ narrow component with
respect to systemic velocity based on stellar lines. The
dashed line represents the average of the distribution.
tainties. Therefore, for the rest of the sample (62%),
for which we could not measure the systemic velocity
from stellar absorption lines, we used the narrow Hβ
component as a reference for the systemic velocity.
The flux weighted second moment was used to repre-
sent the velocity dispersion of [O III] as
σline =
∫
λ2fλdλ∫
fλdλ
− λ2avg (2)
Uncertainties of all parameters e.g., flux, velocity shift,
and velocity dispersion were estimated using Monte
Carlo simulations generating 100 mock spectra by
adding Gaussian noise to the observed spectrum with
the flux uncertainty associated to it. From the distribu-
tion of individual parameters having 100 measurements
each, we calculated 1σ dispersion and considered it as
the measurement uncertainty of that parameter. The
mean fractional error of σ[O III] is −0.89 ± 0.33 in the
logarithmic scale, corresponding to ∼ 12% uncertainty.
The mean uncertainty of V[OIII] is 22.3 ± 12.8 km s−1,
which is ∼25%.
The measured line widths are corrected for the in-
strumental resolution. We note that a number of ob-
jects have σ[O III] < 30 km s
−1, much smaller than the
instrumental resolution, while some objects have a frac-
tional error in σ[O III] > 1, indicating that the measure-
ment is largely uncertain. As performed in the analysis
of Type 2 AGNs, we have excluded those objects (i.e.,
either σ[O III] < 30 km s
−1 or the fractional error in
σ[O III] > 1), which are 496 objects in total. Thus, we
focus on 5221 Type 1 AGNs for the [O III] kinematics
study.
We combined the aforementioned Type 1 AGN sample
with the Type 2 AGN sample presented by Woo et al.
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Figure 3. Distribution of [O III] luminosity (L[OIII]) and
redshift of the Type 1 AGN sample (red). The 25, 50, 75 and
99 percentile density contours are shown for Type 1 (green)
and Type 2 AGNs (blue). The normalized histograms of
redshift (top) and L[OIII] (right) are also shown for Type 1
(red) and Type 2 (blue).
(2016), which contains ∼ 39, 000 objects at z < 0.3.
The Type 2 AGN sample has a mean uncertainty in
σ[O III] of ∼14 %, while the mean uncertainty of V[OIII]
is 27.5± 14.6 km s−1. We present the distribution of [O
III] luminosity (un-corrected for dust extinction) and
redshift, respectively for Type 1 and Type 2 AGNs in
Figure 3. Type 1 AGNs are on average more luminous
than Type 2 AGNs. The mean of logL[O III] is 41.5±0.52
and 40.1 ± 0.71, respectively, for Type 1 and Type 2
AGNs, while the mean z is 0.172 and 0.086, respectively,
for Type 1 and Type 2 AGNs. Note that the apparent
positive relation between logL[O III] and z is merely due
to the selection effect and does not reflect any luminosity
evolution as our objects are selected based on the S/N
criterion.
3. RESULTS
3.1. Gravitational versus non-gravitational component
To study the outflow kinematics based on [O III], we
first investigate the effect of the host galaxy gravita-
tional potential on the [O III] line profile. We compare
velocity dispersion of [O III] with stellar velocity disper-
sion (σ∗), which represents the virial motion due to the
host galaxy potential. We measured σ∗ from the stellar
template fitting process for∼38% of Type 1 AGNs in our
sample. We fit the spectral region of Mg b-Fe covering
a wavelength range of 5050 − 5400A˚, using the penal-
ized pixel-fitting (pPXF) code (Cappellari & Emsellem
2004). We use MILES stellar spectral library (Vazdekis
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Figure 4. Velocity dispersion of [O III] versus stellar velocity dispersion for Type 1 AGNs: [O III] fitted with a double Gaussian
model (left) or a single Gaussian model (middle). The best-fit relation for Type 1 AGNs is represented by solid line while the
dashed-dot line denotes the unity relation. The best-fit relation for Type 2 AGNs from Woo et al. (2016) is also shown (dashed
lines). Right panel shows the distributions of the ratio of σ[O III] to σ∗ for Type 1 AGNs: double Gaussian [O III] (red) and
single Gaussian [O III] (blue).
et al. 2010) consisting of stellar template of ages 0.06
Gyr to 15.84 Gyr and metallicity [M/H] of -1.71 to 0.2.
The σ∗ measurements are corrected for the SDSS instru-
mental resolution, which is ∼55 km s−1 in the spectral
range of 5050−5400A˚. A majority of these AGNs show a
relatively broad [O III] line, which is fitted with a double
Gaussian model. Comparing σ[O III] with σ∗ in Figure 4
(left panel), we find that the correlation is weak, indi-
cating the presence of a non-gravitational component in
[O III] as similarly found for Type 2 AGNs (Woo et al.
2016, see Figure 4). For AGNs with [O III] fitted with
a single Gaussian model, we also compared σ[O III] with
σ∗ (middle panel in Figure 4).
We perform regression analysis after accounting for
the measurement uncertainties in both σ[O III] and σ∗.
The best-fit for Type 1 AGNs is shown by the solid line
in Figure 4, while for comparison we also plotted the
best-fit for Type 2 AGNs from Woo et al. (2016) (dashed
line). Interestingly, when the wing component is present
in [O III] (left panel), the best-fit deviates from the unity
(dashed-dot line), having a steeper slope of 2.79±0.14 for
Type 1 AGNs and 1.66±0.01 for Type 2 AGNs (see Woo
et al. 2016, for Type 2 AGNs). However, when the wing
component is absent (middle panel), the best-fit line has
a slope of 1.32±0.11 for Type 1 and 1.18±0.01 for Type 2
AGNs much closer to the unity relation. We also present
the distribution of the velocity dispersion ratio of [O
III] to σ∗ (right panel in Figure 4). While [O III] fitted
with a double Gaussian is much broader than stellar
lines (red histogram), for many objects [O III] fitted
with single Gaussian (blue histogram) is also broader
than stellar lines, suggesting that outflow signature is
significantly present. Considering [O III] dispersion is a
combined effect of gravitational potential (σgr) and non-
gravitational effect e.g., outflow components (σnon−gr),
the measured velocity dispersion can be expressed as:
σtotal =
√
(σgr)2 + (σnon−gr)2. (3)
Note that although σtotal may represent more complex
nature of gas kinematics, we simply assume that the
line-of-sight velocity distribution of gas manifests the
convolution of gravitational and non-gravitational com-
ponents. We expect σ[O III] to be a factor of 1.4 larger
than σgr if σnon−gr = σgr. Assuming σgr = σ∗, we find
an error-weighted mean ratio of σtotal to σgr is 1.0 and
2.3, respectively for Type 1 AGNs with single Gaussian
[O III] and double Gaussian [O III]. The non-linearity
of the σOIII − σ∗ relation suggests that the effect of the
non-gravitational component is significant and outflows
are common phenomena in both Type 1 and Type 2
AGNs.
3.2. Outflow fractions
To study the outflow fractions, we estimated the frac-
tion of AGNs with double Gaussian [O III] in the sam-
ple. In the case of Type 1 AGNs, 89% have double
Gaussian [O III] while only 11% have single Gaussian
[O III]. The double Gaussian [O III] fraction in Type 1
AGNs is a factor of 2 larger than that of Type 2 AGNs
(43%). Since the mean luminosity of Type 1 AGNs is
much higher than that of Type 2 AGNs, the difference
of the double Gaussian [O III] fraction is due to the lu-
minosity effect. In Figure 5, we present the fraction of
double Gaussian [O III] as a function of [O III] luminos-
ity (left panel). The double Gaussian fraction steeply
increases with increasing [O III] luminosity, from ∼20%
to ∼90% for Type 2 AGN sample (blue), and from ∼40%
to ∼100% for Type 1 AGN sample (red). While we find
a dramatic increase of the double Gaussian [O III] frac-
tion with [O III] luminosity, the difference of the double
Gaussian [O III] fraction is not very large between Type
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Figure 5. Double Gaussian fraction against [O III] lumi-
nosity of Type 1 and Type 2 AGNs (left), double Gaussian
fraction against L5100 (middle) and Eddington ratio (right)
for Type 1 AGNs.
1 and Type 2 AGNs at a fixed [O III] luminosity.
To better study the effect of AGN luminosity and Ed-
dington ratio on the outflow fraction, we use Type 1
AGNs to calculate the bolometric luminosity and black
hole mass. Black hole mass was estimated using the
virial relation given in Woo et al. (2015) based on the
FWHM of Hβ line and the luminosity at 5100 A˚. Then,
Eddington luminosity was determined using the relation
LEDD = 1.26× 1038Mbh, while the bolometric luminos-
ity is estimated using Lbol = 9 × L5100 (Kaspi et al.
2000). Finally, Eddington ratio is determined by cal-
culating the ratio of bolometric to Eddington luminos-
ity. Note that the bolometric luminosity and Eddington
ratio of Type 2 AGNs are highly uncertain since both
black hole mass and bolometric luminosity are difficult
to properly determine. For the Type 2 AGN sample,
Woo et al. (2016) estimated black hole mass using the
black hole mass−stellar mass relation from Marconi &
Hunt (2003), and utilized the extinction-uncorrected [O
III] luminosity and a scale factor of 3500 from Heckman
et al. (2004) to estimate the bolometric luminosity.
In Figure 5, we investigate the double Gaussian frac-
tion as a function of L5100 (middle) and Eddington ratio
(right) for Type 1 AGNs. Over the large range of opti-
cal luminosity and Eddington ratio, the double Gaussian
[O III] fraction is at least 80% and slowly increases to
∼100%, indicating that outflows are commonly detected
in Type 1 AGNs.
3.3. Velocity shift and velocity dispersion
We investigate the effect of AGN luminosity on the
kinematics of [O III] based on the velocity dispersion
and shift of [O III]. First, we investigate [O III] velocity
dispersion (σ[O III], left panel) against [O III] luminosity
for Type 1 (red dots) and Type 2 AGNs (blue dots) in
Figure 6. A clear positive correlation shows that σ[O III]
steeply increases with L[O III]. The mean in each L[O III]
bin is plotted for Type 1 (red circles) and Type 2 AGNs
(blue circles), which are consistent with the mean of the
combined sample (white circles). We perform regres-
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Figure 6. The [O III] luminosity versus velocity dispersion
(left panel) and velocity shift (right panel). The Type 1
AGNs are plotted in red while Type 2 AGNs are in blue. The
mean values in each L[O III] bins are denoted by red (Type
1 AGNs), blue (for Type 2 AGNs) and white (total sample)
circles. The best-fit relation (left panel) for all objects (Type
1 and Type 2 AGNs) including the measurement error is
shown by dashed line. On the right panel, the white circles
are the mean V[O III] at different L[O III] bins for objects with
V[O III] measurement better than 1σ.
sion analysis including the measurement errors on both
L[O III] and σ[O III], finding the best-fit relation for the
combined sample (dashed line) as
logL[OIII] = (6.57± 0.04)× log σ[O III] + (26.21± 0.10).
(4)
A Spearman’s correlation test confirms a strong positive
correlation between logL[O III] and σ[O III] with a coef-
ficient of 0.44 and 0.52 for Type 1 and Type 2 AGNs,
respectively. Note that the correlation remains strong
when the sample is divided into different redshift bins,
having Spearman’s correlation coefficient (rs) of 0.47
(z < 0.1), 0.59 (0.1 < z < 0.2) and 0.45 (z > 0.2),
thereby eliminating the possibility of any possible selec-
tion bias. Such a strong correlation indicates that the
effect of the non-gravitational component increases with
AGN luminosity.
Second, we investigate velocity shift of [O III] (V[O III])
against L[O III] (right panel in Figure 6). Interestingly,
the number of AGNs with blueshifted [O III] is much
larger than that of AGNs with the redshifted [O III].
The number ratio of blueshifted to redshifted [O III]
(NBR) is found to be 3.6, which is much larger com-
pared to Type 2 AGNs, which has NBR= 1.08. We have
also calculated NBR after eliminating objects with very
small V[O III], which are less reliable since the V[O III] has
a mean uncertainty (see section 2) of ∼ 22.3 ± 12.8 km
s−1 for Type 1 and 27.5±14.6 km s−1 for Type 2 AGNs
(see Woo et al. 2016). When reliable measurement of
V[O III] better than 1σ was considered NBR is found to
be increased to 4.8 for Type 1 and 1.08 for Type 2 AGNs,
respectively, and further increased to 6.4 and 1.8 when
V[O III] measurements better than 3σ are exclusively in-
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Figure 7. The [O III] velocity-velocity dispersion (VVD)
diagram of AGNs. The Type 1 AGNs are plotted in red while
Type 2 AGNs are plotted in blue. The mean velocity shift
in each σ[O III] bin is denoted by red (for Type 1 AGNs) and
blue (Type 2 AGNs) circles. The normalized histograms of
V[O III] and σ[O III] are shown in the top and right panels for
Type 1 (red) and Type 2 AGNs (blue).
cluded. This indicates that blueshifted [O III] line is
more common than redshifted [O III] in general, while
for Type 1 AGNs, blueshifted [O III] is dominant. We
interpret this as the effect of orientation as discussed by
Bae & Woo (2016). The shift of the [O III] line is mainly
caused by the partial extinction due to the dusty stel-
lar disk. For Type 1 AGNs, [O III] is more likely to be
blueshifted since the direction of the bicone is close to
the line-of-sight and the receding cone is expected to be
more easily obscured (for more details, see section 3.4).
We find a slight increase of V[O III] with increasing
L[O III] (right panel in Figure 6). The mean V[O III] at
different L[O III] bins are plotted for Type 1 (red circle)
and Type 2 (blue circles) AGNs, which shows a slightly
increasing trend with luminosity. However, this trend
is much weaker than that of σ[O III]. While we see that
the range of V[O III] is increasing with [O III] luminos-
ity, there are also many AGNs with V[O III] close to zero
within the uncertainty. Considering the measurement
uncertainty of V[O III], we calculate the mean V[O III]
at different L[O III] bins using the AGNs with V[O III]
measurement better than 1σ (white circles in the right
panel). We found a stronger trend of increasing V[O III]
with L[O III] i.e. high-luminosity AGNs tend to show
more blueshifted [O III], suggesting gas outflows are as-
sociated with AGN accretion.
3.4. The VVD diagram of AGNs
By combining velocity shift and velocity dispersion of
[O III], we investigate the velocity - velocity dispersion
(VVD) diagram for Type 1 AGNs (red dots) and com-
pare with the VVD distribution of Type 2 AGNs from
Woo et al. (2016) in Figure 7. Type 1 AGNs also show a
V-shape structure as Type 2 AGNs. The mean velocity
shift at fixed different velocity dispersion bins is shown,
respectively for Type 1 (red circle) and Type 2 (blue
circles) AGNs. On average, Type 1 AGNs have higher
velocity shift (top histogram) and dispersion (right his-
togram) than Type 2 AGNs. The mean velocity shift
and mean velocity dispersion are −73 km s−1 (−6 km
s−1) and 259 km s−1 (156 km s−1) for Type 1 (Type
2) AGNs, respectively. Moreover, a majority of Type 1
AGNs are found to have higher blueshift compared to
the Type 2 AGNs. Furthermore, AGNs having large
[O III] line width are found to be more blueshifted.
Note that there is a lack of objects having higher ve-
locity shift and lower velocity dispersion in both Type 1
and 2 AGNs. This indicates that highly blueshifted [O
III] tends to have high velocity dispersion. For Type 2
AGNs, Woo et al. (2016) postulated that such effect is
due to the intrinsic launching velocity, which increases
the kinematic signature making both velocity shift and
dispersion larger. This could also be the reason for Type
1 AGNs of lacking high velocity shift at low velocity dis-
persion. In contrast, at any given velocity dispersion
there is a range of velocity shifts. In fact, the majority
of the AGNs have very low velocity shift but large dis-
persion. This could be explained in terms of a biconical
outflow model, in which on one hand, the approach-
ing and receding cones are symmetric and the blueshift
and redshift cancel each other in the flux-weighted spec-
tra, resulting nearly zero velocity shift. In contrast, the
velocity dispersion reflects the Doppler broadening due
to the combined effect of blueshift and redshift compo-
nents. On the other hand, if the dust extinction is sig-
nificant in some AGNs, the flux from the receding cone
(i.e., behind the dusty stellar disk) is reduced, resulting
a large blueshifted [O III], while the wide opening an-
gle of the cone is presumably responsible for the large
Doppler broadening (see the discussion by Woo et al.
2016; Bae & Woo 2016).
In Figure 8 we present the VVD diagrams for Type 1
AGNs at different L5100 (top), [O III] luminosity (mid-
dle) and Eddington ratio (bottom). The mean velocity
at fixed σ[O III] bins is denoted in each panel by red cir-
cles. First, we clearly see an increasing trend of veloc-
ity shift and dispersion with L5100 and L[O III]. While
for low-luminosity AGNs the distribution of the VVD
is limited to relatively small values of velocity shift and
dispersion, the VVD diagram expands toward large val-
ues for higher luminosity AGNs. The fraction of AGNs
with V[O III] < −200 km s−1 increases from 2% to 24%,
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Figure 8. The VVD diagram of Type 1 AGNs for different λL5100 (top), L[O III] (middle) and Eddington ratio (bottom)
estimated based on λL5100 (see text for more explanation) bins. The mean velocity shift in each σ[O III] bin is shown by red
circles.
while the fraction of AGNs with σ[O III] > 300 km s
−1
increases from 15% to 58% as luminosity increases from
L5100 < 43 erg s
−1 to L5100 > 44 erg s−1.
Second, velocity shift and dispersion are on aver-
age increasing with Eddington ratio. At log λEDD <
−1.5, only ∼ 3% of AGN shows V[O III] < −200 km s−1,
while it increases to 29% for log λEDD > −0.5. Sim-
ilarly, at log λEDD < −1.5, only 21% AGNs show
σ[O III] > 300 km s
−1 but the fraction increases to 48% at
log λEDD > −0.5. We find the same trend that the mean
value of velocity shift and velocity dispersion increases
with Eddington ratio. These results clearly demonstrate
the connection of AGN power with outflows, suggesting
that ionized gas outflows are mainly driven by AGNs.
The VVD diagram of Type 1 AGNs as well as that of
Type 2 AGNs can be well explained by the 3D biconi-
cal outflow model, which was developed by Bae & Woo
(2016). Here, we investigated the physical parameters of
the outflows based on this model. The bicone model is
made of two identical axisymmetric cones whose vertex
is located at the center of the bicone. The cones have
an inner hollow region parameterized by an inner half-
opening angle θin and extended to the outer half open-
ing angle of θout. A thin dust plan having extinction of
0 − 100% is added to represent the dusty stellar disk.
Furthermore, the dust plane and bicone have indepen-
dent orientation defined by idust and ibicone ( ibicone = 0
means bicone axis is parallel to the sky plane and the
line-of-sight velocity is zero), respectively. For a fixed
idust, as ibicone increases from zero, the approaching and
receding cones do not cancel each other since the dusty
stellar disk preferentially obscures the part of the cone
behind the dusty stellar disk, resulting in a blueshifted
or redshifted [O III].
Based on the Monte Carlo simulations, Bae & Woo
(2016) found that a wider bicone opening angle increases
the number of AGNs with blueshifted [O III]. For Type
1 AGNs in our sample we found that the number ratio
of blueshifted to redshifted AGNs is ∼ 3.6 which can
be roughly reproduced by a model with θout = 40
◦ and
θin = 20
◦. A larger opening angle produces a higher ra-
tio of blueshifted to redshifted AGNs. For example, the
number ratio is ∼7 when the half-opening angle θout is
60◦. In Figure 9, we overlaid the model grids, the details
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Figure 9. Model grids (lines) of the biconical outflow model
developed by Bae & Woo (2016) is overplotted on the VVD
diagram for Type 1 (red dots) and Type 2 (blue dots) AGNs.
See text for explanations.
of which are presented in Bae & Woo (2016), along with
the observed VVD distribution of Type 1 (red dots) and
Type 2 (blue dots) AGNs. Here, we showed the model
grids with a fixed dust inclination idust = 60
◦ along with
3 sets of different launching velocities (vmax = 500, 1000
and 1500 km s−1). For each set, different inclination
angles spanning from −80◦ to +80◦ (typical inclination
for Type 2 AGNs ranging from −40◦ to +40◦) are pre-
sented with a step of 10◦, while different dust extinc-
tions spanning between 0% to 90% are also plotted with
a step of 10% for illustration. As Bae & Woo (2016)
demonstrated, velocity dispersion is insensitive to the
idust. Note that AGNs having dust extinction greater
than 90% is rare as the velocity range in the observed
VVD diagram can be well produced by dust extinction
less than 90%.
The intrinsic velocity of outflow (vmax) increases
σ[O III] due to the Doppler broadening. While the AGNs
with extreme outflows can have vmax ∼ 1500 km s−1,
a majority of low-luminosity AGNs have less significant
outflows with vmax ∼ 500 km s−1. At a given vmax,
the main parameters responsible for the observed inte-
grated gas kinematics are (i) dust extinction and (ii)
bicone inclination. If extinction is negligible, V[O III] is
independent of ibicone and remains zero since the ve-
locities of approaching and receding cones cancel each
other irrespective of the bicone geometry. In the case
of velocity dispersion, σ[O III] has the lowest value when
the bicone inclination is zero (i.e., perpendicular to the
line-of-sight) since the width of the projected velocity
distribution is narrowest, while it increases with ibicone.
Many AGNs in our sample (both for Type 1 and Type
2) have velocity shift of ∼ zero, and velocity dispersion
∼ 200 km s−1 suggesting that they have very low dust
extinction.
When dust extinction is significant, V[O III] is highly
sensitive to ibicone. As the bicone is more inclined from
0◦ to −80◦ (i.e., from Type 2 to Type 1 AGNs), dust
obscures a larger part of the receding cone, hence the
velocity measured from the flux weighted spectra be-
comes more negative. In the case of a fixed ibicone,
[O III] becomes more blueshifted if the level of extinc-
tion increases since the observed velocity distribution
becomes more asymmetric. The fact that the number
ratio of blueshifted to redshifted AGNs is higher in Type
1 AGNs than Type 2 AGNs can be well explain in terms
of the bicone inclination angle. Since Type 1 AGNs
have larger bicone inclination angle (|ibicone| > 40◦)
than Type 2 AGNs (|ibicone| < 40◦), the former presents
larger negative velocity. For example, V[O III] can be
∼ 1.5 times more negative at ibicone = −90◦ (Type 1
AGNs) than ibicone = −40◦ (Type 2 AGNs) if dust ex-
tinction is significant (see Bae & Woo 2016). These
results are consistent with the orientation effect as ex-
pected from the unification model of Type 1 and Type
2 AGNs.
3.5. Outflow versus radio luminosity
To study the effect of radio emission on the outflow of
AGNs, we created a radio-detected subsample of Type 1
AGNs by cross-matching our Type 1 AGN sample with
the VLA FIRST Survey (Catalog version 14dec17§) us-
ing a matching radius of 5′′. This search yields 914 Type
1 AGNs corresponding to ∼ 17% of the sample. The
logL1.4GHz distribution has a mean of 39.3±0.8 covering
∼ 4 orders of magnitude in radio luminosity. In Figure
10, we plotted the [O III] kinematics against radio lumi-
nosity (L1.4GHz, left panels) and radio loudness (defined
by L1.4GHz/L[O III], right panels). The mean σ[O III] in
each bin along radio luminosity and radio loudness is
plotted to show the average trend (red circle).
The [O III] velocity dispersion is found to increase
with radio luminosity (upper-left) and radio loudness
(upper-right) as evident from Figure 10. A similar trend
has been noticed by Woo et al. (2016) for Type 2 AGNs.
However, the authors explained that this apparent trend
for Type 2 is due to the correlation between radio lu-
minosity and σ∗, i.e., the massive galaxies have larger
radio luminosity and larger [O III] velocity dispersion.
The authors showed for Type 2 AGNs that the trend
disappears when [O III] velocity dispersion is normal-
ized by the σ∗. Since σ∗ were measured only a fraction
§ http://sundog.stsci.edu/first/catalogs.html
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Figure 10. The [O III] velocity dispersion (top), dispersion
ratio (middle) and velocity shift (bottom) as a function of
luminosity at 1.4GHz (left panels) and the luminosity ratio
of 1.4 GHz to [O III] (right panels) for Type 1 AGNs. The
mean values at each bins along x-axis are shown along with
1σ dispersion. σgr = σ[O III],narrow is considered in the plot.
of the Type 1 AGNs, we used the dispersion of [O III]
core component as a proxy of σ∗ to study this effect
in Type 1 AGNs. We found the σ[O III]/σgr is almost
constant (middle panels) across all radio luminosity and
radio loudness, thereby suggesting that the kinematics
of the non-gravitational component is not due to the
radio emission. This is further justified by the plots
of [O III] velocity shift versus radio luminosity (lower-
left) and radio loudness (lower-right), which also show
no correlation with radio activity, especially at high ra-
dio luminosity AGNs.
3.6. Outflow energetics
To study the energetics of the outflows in Type 1
AGNs, we quantitatively estimated the mass outflow
rates, energy injection rates and momentum flux based
on a simple outflow model. Here we assumed a biconical
outflow and case B recombination (Crenshaw et al. 2010;
Bae & Woo 2016). We note that detailed kinematical
modelings of individual objects are necessary for an ac-
curate estimation of these parameters. For a statistical
study, we try to determine outflow energetics without
spatial information for Type 1 AGN sample. Following
Nesvadba et al. (2011), we first estimate the mass of the
ionized gas (Mgas) based on the [O III] luminosity
Mgas = 0.4× 108M × (L[O III],43)(100 cm−3/ne) (5)
where L[O III],43 is the total [O III] luminosity in the unit
of 1043 erg s−1 and ne is the electron density, which is
the largest source of uncertainty in the above equation
(see Kakkad et al. 2018). We adopted ne from Rak-
shit et al. (2017), who measured ne for a large number
of Type 1 AGNs assuming a fixed temperate T = 104
K and the intensity ratio of [S II]λ6716/λ6731 lines for
which [S II] doublet fittings were reliable. We found
that 1526 objects in our sample have overlapped with
the sample of Rakshit et al. (2017) with a median ne
of 272 cm−3. We estimated Mgas and outflow energet-
ics for these 1526 objects. We caution that ne is also
sensitive to the gas temperature, ionization mechanism
and geometry of NLR, a warm low-density gas may con-
tain significant mass and kinematic power but line ratios
may not be sensitive to such gas, hence, the estimated
ne from line ratio can be uncertain (see Harrison et al.
2018).
To calculate the outflow size (Rout), we used the em-
pirical relation based on the integral field spectroscopy
by Kang & Woo (2018):
logRout(kpc) = (0.28±0.03)×logL[O III]−(11.27±1.46).
(6)
The outflow velocity is difficult to measure due to
various effects such as inclination, the geometry of the
outflows, extinction and turbulent velocity, which need
to be carefully considered when the spatially integrated
spectra as well as the spatially-resolved spectra are used
for analysis. As a crude estimation, we combined ve-
locity shift and dispersion as a representative velocity:
vout = σ0 =
√
σ2[O III] + V
2
[O III] (7)
Using the estimated mass, size, and velocity, we de-
termine the mass outflow rate (M˙out), energy injection
rates (E˙out) and momentum flux (P˙out) based on the
following equations (see Bae et al. 2017), which assume
uniformly-filled spherical or biconical outflows (Maiolino
et al. 2012),
M˙out =3Mgas
vout
Rout
(8)
E˙out =
1
2
M˙outv
2
out (9)
P˙out =M˙outvout (10)
In Figure 11, we plotted M˙out (upper), E˙out (middle)
and P˙out (lower) as a function of bolometric luminosity
¶.
¶ Here bolometric luminosity was calculated from the [O III]
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Figure 11. Outflow energetics versus bolometric luminos-
ity. The mass outflow rate (top), energy injection rate (mid-
dle) and momentum flux (bottom) is plotted as a function of
bolometric luminosity for Type 1 AGNs. Outflow energetics
of some literature sample taken from Greene et al. (2011),
Harrison et al. (2014), Karouzos et al. (2016b) and Bae et al.
(2017) are also shown.
Energetics of gas outflows is found to strongly and posi-
tively correlate with bolometric luminosity. The Spear-
man’s rank correlation coefficient (rs) is found to be
0.62, 0.60 and 0.62, respectively with a p-value< 1e− 20
in all cases. To compare our measurements with those
reported in literatures based on the integral field spec-
troscopy or spatially resolved long-slit spectroscopy, we
collected the outflow kinematics information of AGNs at
z < 0.5 from Greene et al. (2011), Harrison et al. (2014),
Karouzos et al. (2016b) and Bae et al. (2017). Note that
these literature values are measured differently, e.g., us-
ing different emission lines, different equation for vout
etc. Karouzos et al. (2016b) showed that Hα based mass
luminosity as Lbol = 3500L[O III] following Heckman et al. (2004)
in order to make comparison with the literature samples.
outflow rates are a factor of 10 larger than that of [O
III] based. To have self-consistent measurements for all
different samples, we calculated the outflow mass using
total [O III] luminosity. Adopting outflow size, velocity
dispersion, maximum velocity and electron density etc.
from the respective papers, we calculated their M˙out,
E˙out and P˙out using the above equations. We caution
that these estimated values for literature sources can
be different from the values reported in the literature,
mainly due to the use of [O III] luminosity in equation
5 to calculate gas mass and the definition of outflow
velocity used by different authors. For example, our es-
timated mass outflow rate and energy injection rate is
a factor of 3 and 10 smaller, respectively, than the val-
ues estimated by Harrison et al. (2014) using Hβ (see
Karouzos et al. 2016b). In addition, the difference in
mass outflow rates is partly caused by differently as-
sumed gas densities and the difference between the size
of outflows compared to the extent of the ionized gas
(Revalski et al. 2018). The literature sources plotted in
Figure 11 cover a wide range of AGN luminosities and
outflow parameters. For example, Bae et al. (2017) have
mostly low-luminosity AGNs, while Greene et al. (2011)
include high-luminosity AGNs.
The estimated Mgas for the Type 1 AGNs is found to
have a range of 4.9× 103 − 2.0× 108M with a median
of 3.5× 105M. The outflow radius is ranging from 0.5
to 5.1 kpc with a median of ∼ 1.8 kpc. At this radius,
the estimated mass outflow rate is 0.01 − 126M yr−1
with a median at ∼ 0.48M yr−1. The median mass
accretion rate for the Type 1 AGNs calculated from
M˙acc = Lbol/ηc
2, assuming the accretion efficiency
η = 0.1 is ∼ 0.14M yr−1. Thus, the outflow rate for
Type 1 AGNs is ∼ 1−100 (with a median of ∼ 3) times
higher than the median mass accretion rate. Though
majority of the Type 1 AGNs have mass loading factor
(the ratio of outflow rate to the accretion rate) between
1− 10, powerful mass loading > 10 is also seen in some
AGNs (the upper dashed line) indicating powerful mass
loading by the AGN outflow to the interstellar medium
(see Veilleux et al. 2005). We note a positive correla-
tion (rs ∼ 0.3) between Eddington ratio and mass out-
flow rate, i.e., high Eddington ratio sources have higher
mass outflow rate. The mass outflow rate of our sam-
ple is consistent with literature samples over 3 orders of
magnitudes in AGN luminosity. We note a large scat-
ter in mass outflow rates at a given luminosity which is
due to uncertainty in individual parameters that enter
in the calculation such as outflow velocity (see Figure
6), outflow size and electron density.
The energy injection rates shown in the middle panel
of Figure 11 for Type 1 AGNs are 2 × 1037 − 8 ×
1042 erg s−1 with a median of 1 × 1040 erg s−1 consis-
tent with the literature samples. Majority of our Type
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1 sample are located below 0.01% energy conversion ef-
ficiency line, indicating very low energy conversion effi-
ciency and there is no source above 1%. This is, in fact,
similar to the literature samples, the majority of which
are located below 0.01%. The momentum flux range
(lower panel of Figure 11) is 5× 1030 − 2.8× 1035 dyne
with a median of 8×1032 dyne for Type 1 AGNs. Thus,
the momentum flux is also relatively low ranging be-
tween 0.01 − 0.1 × Lbol/c, which is again consistent to
the literature samples at similar luminosity range.
4. DISCUSSION
The effect of kpc-scale outflows on the kinematics
manifested by emission lines has been studied by var-
ious authors, in particular, high ionization [O III] line
has been found to be a good tracer of outflows. We found
that outflow indicators, i.e. σ[O III] and V[O III], strongly
increase with AGN luminosity and Eddington ratio in
both Type 1 and Type 2 AGNs, suggesting that ionized
gas outflows are radiation driven. In ∼ 89% of the Type
1 AGNs, [O III] profile is well represented by double
Gaussian profile indicating that the non-gravitational
component is present in a majority of the Type 1 AGNs.
This number is larger than that of the Type 2 AGNs
which has ∼ 43% double Gaussian [O III] profile, mainly
due to the average higher luminosity of Type 1 AGNs
than Type 2 AGNs. We note that the fraction of AGNs
with double Gaussian [O III] is sensitive to the quality
of spectra and [O III] line strength because the wing in
the [O III] profile may not be detected when the line is
intrinsically weak or the quality of the spectrum is low.
The previous studies reported a wide range of values
from ∼ 25% to 70% for Type 1 and Type 2 AGNs (e.g.,
Nelson & Whittle 1995; Komossa et al. 2008; Zhang &
Feng 2017). The fraction of AGNs with double Gaussian
[O III] steeply increases with AGN luminosity, suggest-
ing the outflows are stronger in high-luminosity AGNs
as also evident in the VVD diagram analysis. These re-
sults show that outflows are prevalent in both Type 1
and Type 2 AGNs, particularly in luminous AGNs.
Apart from the radiation/wind driven scenario, the in-
teraction between AGN jets and the interstellar medium
was suggested as a driver of gas outflows (e.g., Heckman
et al. 1984; Whittle & Wilson 2004; Mullaney et al. 2013;
Zakamska & Greene 2014). Mullaney et al. (2013) found
a strong correlation between outflow velocity and radio
luminosity concluding that the large-scale outflows are
mainly driven by radio jet. A similar trend of increas-
ing [O III] velocity dispersion with radio luminosity was
also noticed in the radio-detected subsample of Type 2
AGNs by Woo et al. (2016). However, the authors do
not find any role of radio jets on the non-gravitational
kinematics after normalizing [O III] velocity dispersion
with stellar velocity dispersion. About 17% of Type 1
AGNs of our sample have radio counterpart in FIRST
radio survey, thus the majority of our AGNs do not have
radio counterpart although they have non-gravitational
component (∼ 89% of our AGNs show double Gaussian
[O III] profile). Among radio-detected AGNs, we see
a positive correlation between velocity dispersion of [O
III] and radio luminosity. However, such trend is weaker
when plotted against radio loudness and become flat
when total [O III] velocity dispersion is normalized to
that of the narrow [O III] component. Our results agree
with the findings by Wang et al. (2018), who studied a
sample of Type 1 AGNs having z = 0.4−0.8. Thus, the
non-gravitational component is not directly influenced
by radio jet.
Recent advances in the integral field spectroscopic ob-
servation enabled us to study AGN energetics although
limited to a handful number of local AGNs. Mass out-
flow, energy injection and momentum flux rates have
been found to increase with AGN bolometric luminos-
ity suggesting that the gas outflows are AGN driven
(e.g., Harrison et al. 2014; Karouzos et al. 2016b; Bae
et al. 2017). Theoretical models suggest photons origi-
nating close to the black hole initially drive an optically
thick wind via radiation pressure (King & Pounds 2003).
However, large-scale outflows could be energy driven if
outflowing gas expands adiabatically conserving its en-
ergy or momentum driven if gas loses energy after a
short phase of radiative cooling (King et al. 2011; King
& Pounds 2015). Outflow within kpc-scale is believed
to be momentum driven (Karouzos et al. 2016b) but
become energy driven at large-scale (King et al. 2011).
We have quantitatively estimated mass outflow rates,
energy injection rate and momentum flux for a large
sample of Type 1 AGNs. We found a strong correla-
tion of outflow energetics with AGN luminosity suggest-
ing AGN driven outflow. The outflow size of AGNs
in our sample is 0.5 − 5.1 kpc with a median of 1.8
kpc. This implies the observed outflows in the majority
of AGNs in our sample is momentum driven. Accord-
ing to Faucher-Gigue`re & Quataert (2012) a fast wind
(> 10, 000 km s−1) or even a slow wind of 1000 km s−1
with some stringent conditions could lead to the energy
conserving outflow. Since our Type 1 AGN sample lies
between 0.01−0.1Lbol/c, energy-conserving outflows are
unlikely. In the energy-conserving outflow (see Tombesi
et al. 2015) P˙out = fc × (vin/vout)× (Lbol/c), where vin
and vout are the small-scale wind and large-scale outflow
velocity, and fc is the fraction of the small-scale wind
power that is transferred to the large-scale outflow. As-
suming fc to be 0.2 (Tombesi et al. 2015), most of the
AGNs in our sample have vin = (10
−5 − 10−2)c, which
is much lower than the ultrafast outflow and unlikely to
be driven by energy-conserving phase.
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5. SUMMARY AND CONCLUSION
We have investigated ionized gas outflows based on the
[O III] kinematics using a large sample of ∼ 5000 Type 1
AGNs at z < 0.3. For comparison, we combined Type 1
AGNs with the sample of ∼ 39, 000 Type 2 AGNs from
Woo et al. (2016). Our main findings are summarized
as follows.
• For the majority of Type 1 AGNs (∼89%), the
[O III] line profile presents a broad wing compo-
nent, representing a non-virial motion, i.e., out-
flows. Compared to Type 2 AGNs, of which ∼43%
shows broad [O III] fitted with a double Gaussian
model, outflow signature is more easily detected in
Type 1 AGNs. This is partially due to the lumi-
nosity effect since the mean luminosity of Type 1
AGNs is much higher than that of Type 2 AGNs.
The fraction of AGNs with double Gaussian [O III]
steeply increases with AGN luminosity and Ed-
dington ratio in Type 1 AGNs as similarly found
in Type 2 AGNs.
• The velocity dispersion of [O III] strongly corre-
lates with [O III] luminosity while Type 1 AGNs
have on average higher velocity dispersion than
Type 2 AGNs.
• Although many AGNs show ∼zero velocity shift,
a significant fraction of AGNs presents strong ve-
locity shift, suggesting various effects on the ob-
served kinematic signatures, i.e., the inclination
and opening angle of the cone and dust obscura-
tion. The average velocity shift increases with the
[O III] luminosity, while the velocity shift is larger
in Type 1 AGNs than in Type 2 AGNs, reflecting
the orientation and projection effect.
• The VVD diagram expands toward higher values
with increasing AGN luminosity and Eddington
ratio in both Type 1 and Type 2 AGNs, suggesting
that outflows are radiation-driven.
• Blueshifted [O III] is more frequently detected
than redshifted [O III] in Type 1 AGNs as ex-
pected from the biconical outflow model combined
with dust obscuration. The ratio between AGNs
with blueshifted [O III] and AGNs with redshifted
[O III] is higher in Type 1 AGNs than in Type 2
AGNs. These results are consistent with the unifi-
cation model of AGNs and well reproduced by the
3D bicone models.
• The apparent trend of increasing σ[O III] with radio
luminosity or radio-loudness vanishes when nor-
malized by the velocity dispersion of [O III] core
component, which is a proxy for the galaxy grav-
itational potential. This is in agreement with the
previous findings for Type 2 AGNs where no trend
of radio luminosity and dispersion have been found
once [O III] velocity dispersion was normalized
with stellar velocity dispersion, suggesting that
outflows are not directly linked to the radio ac-
tivity of AGNs.
• Mass outflow, energy injection and momentum
flux rates increase with AGN luminosity. A major-
ity of the Type 1 AGNs in our sample have mass
outflow rates between 1 − 10Lbol/ηc2 indicating
powerful mass loading by AGN outflows to the in-
terstellar medium. Energy conversion efficiency is
estimated to be smaller than 0.01% of bolometric
luminosity and momentum flux is ranging between
0.01− 0.1Lbol/c.
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